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Description 



[LIGHT SOURCE OF BACK LIGHT 

MODULE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92109306, filed April 22, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a light source of 
a back light module for illuminating a liquid crystal dis- 
play, and more particularly, the present invention relates 
to a light source that produces a white light through mix- 
ing red, green and blue lights. 

[0004] Description of the Related Art 

[0005] To match the modern life style, video or imaging device 
needs to be lighter and slimmer. Although the conven- 
tional cathode ray tube (CRT) display has many advan- 
tages, the design of the electron gun renders it heavy and 



bulky. Moreover, there is always some risk of radiation 
emitted by the conventional cathode ray tube hurting 
viewer's eyes. With big leaps in the techniques in manu- 
facturing semiconductor devices and electro-optical de- 
vices, flat panel displays such as liquid crystal displays 
(LCD), organic light-emitting displays (OLED) and plasma 
display panel (PDP) have gradually become mainstream 
display products. 

[0006] According to the light source, a liquid crystal display can 
be classified as belonging to one of the three types, 
namely, a reflection LCD, a transmissive LCD and a trans- 
flective LCD. Using a transmission or a transflective LCD 
as an example, the LCD mainly comprises a liquid crystal 
panel and a back light module. The back light module 
provides a plane light source to illuminate the liquid crys- 
tal panel for displaying images. 

[0007] The light source of a conventional back light module is ei- 
ther a fluorescent lamp or a set of light-emitting diodes. 
If light-emitting diodes are used as the light source in a 
back light module, white light is produced through a mix- 
ing of the red (R), green (G) and blue (B) lights emitted 
from various diodes. In the conventional technique, red, 
green and blue light-emitting diodes are laid flat on a 



surface so that the red, green and blue lights from various 
light-emitting diodes can mix together to form a plane 
light source that emits white light. 
[0008] However, due to the limitation caused by the light disper- 
sion angle of a light-emitting diode, red, green and blue 
lights from the light-emitting diodes are mixed into white 
light at a distance of more than a few centimeters above 
the original sources. This constrains the size of a back 
light module design. Another problem that results from 
mixing red, green and blue lights to produce white light is 
that there is a significant difference in the measured 
spectrum distribution of white light according to the loca- 
tion. In other words, the spectrum of the white light pro- 
duced through mixing of red, green and blue lights is 

highly non-uniform. 
Summary of Invention 

[0009] Accordingly, one object of the present invention is to pro- 
vide a source of white light for a back light module by 
mixing red, green and blue lights from various light- 
emitting diodes so that a highly uniform source of plane 
white light is produced. 

[0010] Another object of this invention is to provide a source of 
white light for a back light module by mixing red, green 



and blue lights from various light-emitting diodes in such 
a way that the white light is no longer subjected to any 
dispersion angle limitation. Hence, some size restrictions 
of the back light module are lifted. 
1 ] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a first 
type of light source for a back light module. The back 
light module comprises a plurality of light-emitting 
diodes (LEDs), a diffusion device, a plurality of supporting 
elements and reflectors. The LEDs are mounted on a 
holder. The light-emitting diodes (LEDs) include at least a 
red light-emitting diode, a green light-emitting diode and 
a blue light-emitting diode. The diffusion device is posi- 
tioned above the LEDs. The diffusion device comprises a 
transparent body with a plurality of fine particles dis- 
persed throughout its interior. The transparent body is a 
highly transparent planar substrate and the fine particles 
within the transparent body have different refractivity 
rates, for example. The supporting elements are set be- 
tween the diffusion device and the holder. Supporting ele- 
ments having good reflective property may be chosen so 
that the supporting elements may also serve as light 



guides. The reflectors are positioned on each side of the 
diffusion device and the holder. 
[0012] This invention also provides an alternative type of light 
source for a back light module. The back light module 
comprises at least a first light-emitting diode, at least a 
second light-emitting diode, at least a third light-emitting 
diode, a diffusion device, and reflectors. The first light- 
emitting diode has a first optical axis, the second light- 
emitting diode has a second optical axis and the third 
light-emitting diode has a third optical axis. The first op- 
tical axis, the second optical axis and the third optical 
axis are not parallel to each other. Furthermore, the first 
light-emitting diode is selected from at least a red light- 
emitting diode, at least a green light-emitting diode, at 
least a blue light-emitting diode or a combination of 
them. The second light-emitting diode is selected from at 
least a red light-emitting diode, at least a green light- 
emitting diode, at least a blue light-emitting diode or a 
combination of them. The third light-emitting diode is se- 
lected from at least a red light-emitting diode, at least a 
green light-emitting diode, at least a blue light-emitting 
diode or a combination of them. The diffusion device is 
set above the first light-emitting diode, the second light- 



emitting diode and the third light-emitting diode. Fur- 
thermore, the first optical axis, the second optical axis 
and the third optical axis direct towards a same location 
on the diffusion device. In addition, the diffusion device 
comprises a transparent body and a plurality of fine parti- 
cles distributed within the transparent body. The trans- 
parent body is a transparent acrylic body and the fine par- 
ticles inside the transparent body have different refractiv- 
ity rates such as glass particles, for example. The reflec- 
tors are attached to a portion of the surface of the diffu- 
sion device such that the area on the diffusion device out- 
side the set of reflectors constitutes a light incident sur- 
face and a light-emitting surface. 
[0013] The aforementioned light source for the back light module 
furthermore comprises a first lens, a second lens and a 
third lens. The first lens is set between the first light- 
emitting diode and the diffusion device. The second lens 
is set between the second light-emitting diode and the 
diffusion device. The third lens is set between the third 
light-emitting diode and the diffusion device. Light from 
the first light-emitting diode, the second light-emitting 
diode and the third light-emitting diode passes through 
the first lens, the second lens and the third lens respec- 



tively before collimating into the diffusion device. Thus, 
through the lens, light from various light-emitting devices 
is more fully focused upon the diffusion device to increase 
overall incident light efficiency. 

[0014] | n thj S invention, red, green and blue light-emitting 

diodes are set over the diffusion device. The diffusion de- 
vice contains fine particles of different refractive rates. 
Hence, when lights of three different colors (red, green, 
blue) impinge upon the fine particles inside the diffusion 
device, the lights will be refracted at various angles pro- 
ducing a scattered distribution. Ultimately, the lights of 
the three different colors (red, green and blue) are well 
mixed together inside the diffusion device to produce 
uniform a white light. 

[0015] Furthermore, the light-emitting diodes producing lights of 
the three different colors (red, green and blue) may be 
positioned at different horizontal surfaces so that the op- 
tical axis of the three differently colored lights projects on 
a same location of the diffusion device. Since the distance 
required to scatter all three beams of lights is reduced, 
the three colors are more thoroughly mixed together in- 
side the diffusion device. 

[0016] This invention also disposes a spherical lens between the 



light-emitting diodes and the diffusion device for focus- 
ing photonic energy into the diffusion device so that the 
efficiency of the incident light beam is increased. 
[0017] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] Fig. 1 is a diagram showing the structural layout of a light 
source inside a back light module according to a first pre- 
ferred embodiment of this invention. 

[0020] pig. 2 is a diagram showing the structural layout of a light 
source inside a back light module according to a second 
preferred embodiment of this invention. 

[0021] Fig. 3 is a diagram showing the structural layout of a light 
source inside a back light module according to a third 
preferred embodiment of this invention. 



[0022] pig. 4 is a diagram showing the structural layout of a light 
source inside a back light module according to a fourth 
preferred embodiment of this invention. 

[0023] pig. 5 is a diagram showing the structural layout of a light 
source inside a back light module according to a fifth pre- 
ferred embodiment of this invention. 
Detailed Description 

[0024] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0025] Fig. 1 is a diagram showing the structural layout of a light 
source inside a back light module according to a first pre- 
ferred embodiment of this invention. The back light mod- 
ule according to this embodiment includes a plurality of 
light-emitting diodes 102a, 102b, 102c, a diffusion device 
108, a plurality of supporting elements and reflectors 
110. 

[0026] The light-emitting diodes 102a, 102b, 102c is set over a 
holder 100 with light-reflecting property. The number and 
distribution of the light-emitting diodes 102a, 102b 



andl02c on the holder 100 depends on actual require- 
ment. The light-emitting diodes 102a, 102b and 102c in- 
clude, for example, a red (R) light-emitting diode, a green 
(G) light-emitting diode and a blue (B) light-emitting 
diode. 

[0027] The diffusion device 108 is set over the holder 100. The 
diffusion device 108 comprises a transparent body 104 
and a plurality of fine particles 106 are distributed within 
the transparent body 104. In this embodiment, the trans- 
parent body 104 is a highly transparent planar substrate 
made from acrylic material, for example. The fine particles 
106 within the transparent body 104 have different re- 
fractivity rates, such as glass particles. 

[0028] The supporting elements 112 are set between the diffu- 
sion device 108 and the holder 100 for supporting the 
diffusion device 108. Here, a light-reflecting material can 
be selected to fabricate the supporting elements 112 so 
that supporting elements 112 also serves as a light-guide 
for channeling the light energy from the light-emitting 
diodes 102a, 102b, 102c into the diffusion device 108 
besides a support for the diffusion device. 

[0029] Furthermore, the reflectors 110 are set on each side of the 
holder 100 and the diffusion device 108. The reflectors 



110 increase the efficiency of incident light upon the dif- 
fusion device 108 to enhance the outgoing white light. 

[0030] Lights produced by the light-emitting diodes 102a, 102b, 
102c travel directly to the light incident surface 130 of the 
diffusion device 108 or indirectly through the supporting 
elements 112 and the reflectors 110. When the lights of 
the three primary colors red, green and blue, impinges 
upon the particles 106 of different refractivity rates within 
the transparent body 104, the colors are fully refracted 
and scattered to produce a white light. Finally, the white 
light emerges from a light-emitting surface 140 of the 
diffusion device 108. 

[0031] since the diffusion device 108 thoroughly mixes the three 
primary colors (red, green and blue) into white light, non- 
uniformity phenomenon of the white light as describe 
above can be effectively eliminated. Furthermore, with 
thorough mixing of the primary colors, the dispersion an- 
gle of the light-emitting diodes no longer constrains the 
design of the back light module dimensionally. 

[0032] pig. 2 is a diagram showing the structural layout of a light 
source inside a back light module according to a second 
preferred embodiment of this invention. The back light 
module according to the embodiment includes at least a 



first light-emitting diode 202a, at least a second light- 
emitting diode 202b, at least a third light-emitting diode 
202c, a diffusion device 208, a plurality of supporting ele- 
ments and reflectors 210. 
[0033] The first light-emitting diode 202a has a first optical axis 
220a, the second light-emitting diode 202b has a second 
optical axis 220b and the third light-emitting diode 202c 
has a third optical axis 220c. The first optical axis 220a, 
the second optical axis 220b and the third optical axis 
220c are not parallel to each other but crosses over each 
other at a location. The number and distribution of the 
first light-emitting diode 202a, the second light-emitting 
diode 202b and the third light-emitting diode 202c de- 
pends on design requirement. In addition, the first light- 
emitting diode 202a, the second light-emitting diode 
202b and the third light-emitting diode 202c are set on a 
holder 200, for example, with light-reflecting property. 
The holder 200 has three main sections including a first 
section 200a, a second section 200b and a third section 
200c. The second section 200b and the first section 200a 
of the holder 200 form an obtuse angle and the section 
200b and the third section 200c of the holder 200 form 
an obtuse angle. Therefore, the first light-emitting diode 



202a on the first section 200a, the second light-emitting 
diode 202b on the second section 202b and the third 
light-emitting diode 202c on the third section are all on a 
different plane but all their optical axes converge to a sin- 
gle location. 

[0034] The first light-emitting diode 202a on the first section 

200a of the holder comprises at least a red light-emitting 
diode, at least a green light-emitting diode, at least a blue 
light-emitting diode or a combination of them, for exam- 
ple. The second light-emitting diode 202b on the second 
section 200b of the holder 200 comprises at least a red 
light-emitting diode, at least a green light-emitting diode, 
at least a blue light-emitting diode or a combination of 
them. Similarly, the third light-emitting diode 202c on the 
third section 200c of the holder 200 comprises at least a 
red light-emitting diode, at least a green light-emitting 
diode, at least a blue light-emitting diode or a combina- 
tion of them. 

[0035] The diffusion device 208 is set over the first light- 
emitting diode 202a, the second light-emitting diode 
202b and the third light-emitting diode 202c. The first 
optical axis 220a, the second optical axis 220b and the 
third optical axis 220c all direct to a same location within 



the diffusion device 208. The diffusion device 208 com- 
prises a transparent body 204 and a plurality of fine parti- 
cles 206 distributed within the transparent body 204. In 
this embodiment, the transparent body 204 is a highly 
transparent planar substrate made from acrylic material, 
for example. The fine particles 206 within the transparent 
body 204 are powdery substances having different refrac- 
tivity rates such as glass particles. 

[0036] The reflectors 210 are attached on the surface of a por- 
tion of the diffusion device 208. A light-incident surface 
230 and a light-emitting surface 240 are located on the 
exposed area of the diffusion device 208, that is, the re- 
gion outside the reflectors 210. 

[0037] when the beams of light from the first light-emitting 

diode 202a, the second light-emitting diode 202b and the 
third light-emitting diode 202c enter the light incident 
surface 230 of the diffusion device 208, the three beams 
(including red, green and blue) converge together at one 
location to produce a white light. Due to the presence of 
fine particles 206 within the diffusion device 208, all three 
primary colors are fully refracted. The white light pro- 
duced by mixing lights of the three primary colors 
emerges from the light-emitting surface 240 of the diffu- 



sion device 208. In addition, reflectors 210 are attached 
to each side of the diffusion device 208. The reflectors 
2 10 enhance the efficiency of the white light from the dif- 
fusion device 208. 
[0038] The aforementioned back light module may further in- 
clude a plurality of lenses. Fig. 3 is a diagram showing the 
structural layout of a light source inside a back light mod- 
ule according to a third preferred embodiment of this in- 
vention. As shown in Fig. 3, the back light module further 
comprises a first lens 212a set between the first light- 
emitting diode 202a and the diffusion device 208, a sec- 
ond lens 212b set between the second light-emitting 
diode 202b and the diffusion device 208 and a third lens 
212c set between the third light-emitting diode 202c and 
the diffusion device 208. Furthermore, the first lens 212a, 
the second lens 212b and the third lens 212c are cylindri- 
cal spherical lens, for example. The lights produced by the 
first light-emitting diode 202a, the second light-emitting 
diode 202b and the third light-emitting diode 202c pass 
through the first lens 212a, the second lens 212b and the 
third lens 212c before converging into the diffusion de- 
vice 208. Through the lenses 212a, 212b and 212c, lights 
from the first light-emitting diode 202a, the second light- 



emitting diode 202b and the third light-emitting diode 
202c are focused onto the interior of the diffusion device 
208 so that the efficiency of light incident upon the diffu- 
sion device 208 is increased. 

[0039] | n addition, the light-emitting surface of the diffusion de- 
vice as shown in Figs. 2 and 3 may be flattened to form a 
structure as shown in Figs. 4 and 5. Figs. 4 and 5 are dia- 
grams showing the structural layout of a light source in- 
side a back light module according to a fourth and a fifth 
preferred embodiment of this invention. As shown in Figs. 
4 and 5, the diffusion device 208 comprises a transparent 
body 304 and a plurality of fine particles 306 distributed 
within the transparent body 304. The reflectors 210 are 
attached to the surface on each side of the diffusion de- 
vice 308. The exposed area on the diffusion device 308 
outside the reflectors 210 constitutes a light incident sur- 
face 330 and a light-emitting surface 340. Here, the light 
incident surface 330 is curved but the light-emitting sur- 
face 340 is planar. With a flattened light-emitting surface 
340, the white light emerging from the diffusion device 
308 has a more uniform intensity. 

[0040] | n this invention, red, green and blue light-emitting 

diodes are set over the diffusion device. The diffusion de- 



vice contains fine particles of different refractive index. 
Hence, when the lights of three different colors (red, 
green, blue) impinges upon the fine particles inside the 
diffusion device, the lights will be refracted at various an- 
gles producing a scattered distribution. Ultimately, the 
lights of the three different colors (red, green and blue) 
are well mixed together inside the diffusion device to pro- 
duce a uniform white light. 

[0041] Furthermore, the light-emitting diodes producing the 
lights of the three different colors (red, green and blue) 
may be positioned at different horizontal surfaces so that 
the optical axis of the three differently colored lights 
projects on a same location of the diffusion device. Since 
the distance required to scatter all three beams of lights is 
reduced, the three colors are more thoroughly mixed to- 
gether inside the diffusion device. 

[0042] | n addition, spherical lenses can be set between the light- 
emitting diodes and the diffusion device for focusing pho- 
tonic energy into the diffusion device so that the incident 
light beam has a higher efficiency. 

[0043] it will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 



or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



